During early stages of postnatal development, pressure from the growing brain as well as 36 cerebrospinal fluid, i.e. intracranial pressure (ICP), load the calvarial bones. It is likely that 37 such loading contributes to the peripheral bone formation at the sutural edges of calvarial 38 bones, especially shortly after birth when the brain is growing rapidly. The aim of this study 39 was to quantify ICP during mouse development. A custom pressure monitoring system was 40 developed and calibrated. It was then used to measure ICP in a total of seventy three wild 41 type mice at postnatal (P) day 3, 10, 20, 31 and 70. Retrospectively, the sample in each age 42 group with the closest ICP to the average value was scanned using micro-computed 43 tomography to estimate cranial growth. ICP increased from 1.33±0.87 mmHg at P3 to 44 1.92±0.78 mmHg at P10 and 3.60±1.08 mmHg at P20. In older animals, ICP plateaued at 45 about 4 mmHg. There were statistically significant differences between the ICP at the P3 vs. 46 P20, and P10 vs. P20. In the samples that were scanned, intracranial volume and skull 47 length followed a similar pattern of increase up to P20 and then plateaued at older ages. 48
These data are consistent with the possibility of ICP being a contributing factor to bone 49 formation at the sutures during early stages of development. The data can be further used 50 for development and validation of computational models of skull growth. 51 diseases. Therefore, the aims of this study were to develop a suitable ICP measurement 81 system and quantify ICP during wild type mouse development. To highlight morphological 82 changes during development one sample per age group was scanned and analysed. 83 84
Materials and Methods: 85
A pressure monitoring system was developed to measure ICP in mice of 5 age groups. ICP 86 was recorded while animals were anesthetised. Following the recording animals were 87 decapitated while still under anaesthesia. Then, the sample with closest ICP to the average 88 ICP for each age group was selected for morphological analysis. was not recorded for the younger groups, but a retrospective statistical analysis comparing 104 the ICP between males and females at P31 did not show a significant difference. The P70 105 mice were all female. All protocols were approved by the Institutional Animal Care and Usewere anesthetized using isoflurane in a non-rebreathing custom set-up. During testing heat 108 support was provided via a warm water pad. Once the animals did not respond to toe pinch, 109 a sagittal incision was made over the calvaria. The needle was inserted through the left 110 parietal bone ca. 2 mm lateral to the sagittal suture and 2 mm anterior to the lambdoid 111 suture. With care it was possible to penetrate the bone with the needle even in older 112 animals, but it was important not to enlarge the hole beyond its diameter. The needle was 113 inserted to a depth calculated to position it in the subarachnoid space, which is filled with 114 cerebrospinal fluid. No external pressure was applied to the skull once the needle had been 115 inserted. It was held in place until ICP reached a maximum (typically 1-2 min); when ICP 116 began to drop, or after several minutes if it did not drop, the needle was removed and the 117 maximum recorded pressure was reported. Once recording was completed, the animals 118 were decapitated while still under anaesthesia. 119 120
Statistical analysis: Statistical analysis was performed in SPSS (IBM SPSS, NY, USA). 121
One-way analysis of variance (ANOVA) with post-hoc Bonferroni and Tukey tests was 122 carried out, with Levene's test used to test for equal variances. The significance level was 123 set at p<0.05. 124
125
Ex vivo micro-computed tomography: The specimen with measured ICP closest to the 126 average ICP value of each age group was scanned using an X-Tek HMX 160 micro-CT 127 scanner (XTek Systems Ltd, Hertfordshire, UK) with a voxel size of 0.01mm in x, y, and z 128 directions. AVIZO (FEI Visualization Sciences Group, Merignac Cedex, France) was used to 129 reconstruct three dimensional models. The scans were automatically aligned with respect to 130 each other in AVIZO based on minimization of the root mean square distance between the 131 nodes forming the triangulated surfaces of the skull (i.e., Procrustes method) using an 132 iterative closest point algorithm. Each skull surface was typically consisted of about 300,000gradually increased, plateauing at the bottom of the tube. Similarly, upon removal from the 138 water, voltage decreased to its baseline value (Fig 1A) . Calibration of the sensor at various 139 heights of water (each repeated five times) showed that the corresponding voltage changes 140 were stable, repeatable and linear (Fig 1B) . There were statistically significant differences between P3 vs. P20, P31, P70, and P10 vs. 148 P20, P31, P70, but not between P20, P31 and P70 (Fig 2) . 149
Morphological changes: Skull length was 13 mm in the P3 skull and 17, 19, 20 and 22 mm 151 at P10, P20, P31 and P70 respectively. Skull width increased to a lesser extent from 8 mm 152 at P3 to 11 mm at P70. ICV increased from 240 mm 3 at P3 to 339, 462, 474 and 504 mm 3 at 153 P10, P20, P31 and P70 respectively (Fig 3) . 154 155
Discussion: 156
Intracranial pressure may be an important factor contributing to calvarial bone formation at 157 the cranial sutures during early postnatal stages of development. In this study ICP during 158 mouse development was quantified at several postnatal ages in a relatively large number of 159 specimens (10-20 at each age). These ages were chosen to capture various stages of 160 development from just after birth (P3) to juvenile (P10 and P20) to early adulthood (P30 and 
4.11±0.83 mmHg (n=13), well within the range of data reported by Yang et al. (2008). This is 173
reassuring, as it validates the ability of our sensor to produce reasonable and reliable data 174 for the younger ages in the present study. 175
176
The data obtained showed that ICP increases from about 1.3 mmHg in P3 to 3.6 mmHg in 177 P20 to a limit of approximately 4 mmHg in mice older than P20. This finding is similar to that 178 Asterisks show statistically significant differences. 
